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Abstract 
ITS-RFLP was used to compare three German populations of 
Meloidogyne chitwoodi (sensu lato) to populations of the same 
species from the Netherlands and North America and to five 
other Meloidogyne species (M. fallax, M. hapla, M. naasi, M. 
incognita, M. javanica). Two populations were assigned to M. 
chitwoodi, and the third population was identified as M. fallax. 
A clear differentiation between all species investigated except 
the distinction of M. incognita and M. javanica was obtained by 
means of Hinf I and Rsa I digestions of the amplified ribosomal 
ITS regions. 
A comprehensive RAPD analysis was carried out in an attempt 
to detect genetic relationships between the isolates. The results 
of the duster analysis reveal a clear separation between the 
species investigated, with the smallest distance between M. 
incognita and M. javanica. A close relationship between M. chit-
woodi and M. fallax is also seen although these species are dis-
tinguishable. The classifications among the populations of M. 
chitwoodi correspond approximately to their geographic origins. 
On the basis of genetic distances between populations from the 
USA and Germany, an introduction of M. chitwoodi from the 
USA to Germany appears unlikely. Furthermore the results 
would not suggest a recent introduction from the USA to the 
Netherlands nor a recent introduction from the Netherlands to 
Germany. The populations appear to have existed for extended 
times in the respective regions. Investigation of a !arger number 
of populations is necessary to obtain definitive informations on 
the distribution pathways of the nematode. 
Key words: Meloidogyne chitwoodi, M. fallax, M. hapla, M. 
naasi, M. incognita. M. javanica, ITS-RFLP, RAPD-PCR, tax-
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tionships 
Zusammenfassung 
Mit der ITS-RFLP-Technik wurden drei deutsche Populationen 
von Meloidogyne chitwoodi (sensu lato) im Vergleich zu be-
kannten Populationen der gleichen Art aus den Niederlanden und 
Nordamerika und zu fünf weiteren Meloidogyne-Arten (M. Ja/-
lax, M. hapla. M. naasi, M. incognita, M. javanica) untersucht. 
In zwei Fällen ergab sich eine Artzugehörigkeit zu M. chinvoodi, 
die dritte Population konnte als M. fallco: bestinunt werden. Die 
eindeutige Differenzierung der untersuchten Arten, mit Aus-
nahme der Unterscheidung von M. incognita und M. javanica 
voneinander, gelang über die Spaltung der amplifizierten riboso-
malen ITS-Regionen mit den Restriktionsendonukleasen Hinf I 
und Rsa I. 
Basierend auf umfangreichen RAPD-Analysen wurde ver-
sucht, Verwandtschaftsbeziehungen zwischen den geprüften Iso-
laten zu erkennen. Die Clusteranalyse zeigt klare Abgrenzungen 
zwischen den untersuchten Arten, wobei die geringste Distanz 
zwischen M. incognita und M. javanica zu beobachten ist. Auch 
zwischen M. chitwoodi und M. fallax ist trotz Abgrenzung eine 
enge Verwandtschaft erkennbar. Die Gruppierung innerhalb der 
Populationen von M. chitwoodi entspricht weitgehend ihrer geo-
graphischen Herkunft. Aufgrund der ermittelten Distanzen zwi-
schen den Populationen aus den USA und Deutschland ist eine 
Einschleppung von M. chitwoodi aus den USA nach Deutschland 
unwahrscheinlich. Die Befunde stützen auch nicht eine kürzliche 
Einschleppung aus den USA nach den Niederlanden oder eine 
kürzliche Einschleppung aus den Niederlanden nach Dentsch-
land. In allen Regionen scheinen die Populationen seit längerer 
Zeit zu existieren. Um eindeutige Aussagen hinsichtlich der Ver-
breitungswege des Nematoden zu gewinnen, muß eine größere 
Anzahl von Populationen untersucht werden. 
Stichwörter: Meloidogyne chitwoodi, M. fallax, M. hapla. M. 
naasi, M. incognita, M. javanica, ITS-RFLP, RAPD-PCR, Taxo-
nomie, Ausbreitung, Deutschland, Niederlande, Verwandt-
schaftsbeziehungen 
lntroduction 
About 80 Meloidogyne species are known to occur world-wide, 
and up to lO species are estimated to exist in Germany (MÜLLER 
et al., 1996). The detection of M. chitwoodi GOLDEN, O'BANNON, 
SANTO & FINLEY, 1980 in the Netherlands (ESBENSHADE and TRJ-
ANTAPHYLLOU, 1985; BRINKMAN and VAN RIEL, 1991), in Ger-
many (MÜLLER et al., 1996) and in some other European coun-
tries, and the recent description of the very closely related species 
M.fallax (KARSSEN, 1996) in the Netherlands stimulated risk as-
sessment considerations concerning a possible spreading of these 
species within Europe and their damage probability (BRAASCH et 
al., 1996). M. chitwoodi is the predominant potato pest in the 
western USA, economic losses resulting from reduction of tuber 
quaiity. lt also causes damage to potato, carrot and black salsify 
in the Netherlands and attacks cereals as weil. The pest can eas-
ily be spread with seed potatoes. M. fallax is only known from 
Europe and causes a similar damage as M. chitwoodi does. Re-
cently, M. chitwoodi and M. fallax were listed as quarantine or-
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ganisms of the European Communities (Annex IV of the Direc-
tive 77/93/EC). 
M. chitwoodi and M. fallen are cool-adapted species and live 
in the same environment as M. hapla CHITWOOD, 1949 in some 
places. Reliable differentiation between these species is impor-
tant to implement future quarantine requirements. Identification 
of Meloidogyne species on the basis of morphological character-
istics and host plant preferences is difficult and time consuming. 
Isoenzyme analysis has proved useful for fast species determi-
nation, however, its application is limited to females at a specific 
developmental Stage (ESBENSHADE and TRIANTAPHYLLOU, 1990). 
A number of nucleic acid-based identification techniques have 
now become available which can be employed to any life stage 
of the nematode permitting reliable classifications at different 
taxonomic levels. 
The intergenic transcribed spacer (ITS) regions of ribosomal 
DNA (rDNA) exhibit sequence variability on the species or sub-
species level of many organisms (WH!TE et. al. , 1990; JONES et 
al., 1997). ZIJLSTRA et al. (1995) amp!ified ITS sequences of 
Meloidogyne using PCR primers derived from rDNA sequences 
of Caenorhabditis elegcms. The ITS sequences were subse-
quently analyzed for restriction fragment length polymorphisms 
(ITS-RFLP). Five Meloidogyne species tested could be readily 
distinguished on the basis of their species-specific restriction 
fragments. More recently, improved variants of the technique 
without the need for restriction cleavage of the amplified ITS se-
quences were reported by PETERSEN and V RAIN (1996), ZIJLSTRA 
( 1997), and PETERSEN et al. ( 1997). 
In the randorn amplified polymorphic DNA (RAPD) tech-
nique, anonymous fragments of genomic DNA are amplified by 
PCR using a single primer of arbitrary sequence (WILLIAMS et al., 
1990). A typical RAPD amplification will yield frorn 2 to 20 
fragments of different size. Employing a series of random 
primers, a !arge number of fragments can be amplified repro-
ducibly from most complex organisms permitting cornparative 
genorne studies (BowDITCH et al., 1993). Using the RAPD tech-
nique, CENIS (1993) distinguished four Meloidogyne species. 
GUIRAO et al. ( 1995) extended this study by evaluating about 250 
DNA fragments amplified with 30 different random primers. 
They carried out duster analyses and obtained a dendrogram il-
lustrating the genetic relations between the four M eloidogyne 
species. 
The objective of the present study was to obtain a molecular 
genetic classification of three Meloidogyne populations which 
had been found in Gennany between 1989 and 1995 and identi-
fied as lvleloidogyne chitwoodi (sensu lato) on the basis of rnor-
phological and biochemical properties (MüLLER et al., 1996). M. 
fallax was not described as a separate species at that time. A fi- . 
nal assignment remained to be made. ITS-RFLP and RAPD 
analyses were now carriecl out comparing the German isolates 
with six authentic M. chitwoodi populations, one M. fa/lax iso-
late and eleven populations belonging to four other Meloidogyne 
species. Inter- and intraspecific relationships between these 
provenances were studied by means of a duster analysis based 
on RAPD patterns. 
Material and Methods 
Nematode material 
The geographic origins of the Meloidogyne isolates used are 
listed in Table 1. The nematodes were either obtained as isolated 
egg masses, larvae or adult females, or they were isolated from 
root knots of infested potatoes or tomatoes . M. eh i rwoodi and M. 
fallax populations were multiplied on genninated potato tubers 
of the susceptible potato cultivars Bintje and Hansa cultured in 
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sterilized sand using plastic containers of 10.5 cm diameter, ac-
cording to a method communicatecl by J . J. VAN DE HAAR, Mets-
lawier/The Netherlands. 
Extraction of nematode DNA 
Nematode DNA was extracted using the QIAamp Tissue Kit 
(Qiagen, Hilden, Germany). Samples consisting of one to 25 
adult anirnals, 30 to 50 larvae or 8 to 10 egg masses, respectively, 
were homogenized for I min in l O µl water using Eppendorf mi-
cro pestles (Eppendo1f, Hamburg, Germany). The homogenate 
was mixed with 180 µl of buffer ATL of the QIAamp Tissue Kit 
and further processed according to the instructions of the manu-
facturer. The concentration of extracted DNA was determined 
fluorimetrically using a TKO 100 mini fluorometer (Hoefer, San 
Francisco, USA), the DNA-binding dye Hoechst 33258 and calf 
thymus DNA for calibration. 
!TS-RFLP procedure 
ITS regions of Meloidogyne rDNA were amplified using up-
stream primer Fl95 (5'-TCCTCCGCTAAATGATATG-3'; FER-
RIS et al., 1993) and downstream primer 5367 (5'-TTGAT-
TACGTCCCTGCCCTTT-3'; VRAIN, 1993). The PCR mixture 
(50 µ!) contained 10 mM Tris-HCl pH 8.8, 50 mM KCI, 2 mM 
MgCl2, 0.001 % gelatin (Stratagene), 100 µM each of dATP, 
dCTP, dGTP and dTTP (Boehringer Mannheim), 0.6 µM of each 
primer, l unit of Taq-DNA-polymerase (Stratagene) and 1.2 ng 
of Meloidogyne total DNA. Amplification was carried out in a 
Perkin Eimer 9600 thermocycler employing an initial denatura-
tion at 94 °C for 2.5 min, 40 reaction cycles of 94 °C for 1 min, 
55 °C for 1 min, 72 °C for 2 min, and a final extension at 72 °C 
for 5 min. After completion of the PCR, l O µl aliquots of the re-
action mixture were resolved by electrophoresis in a 2 % agarose 
gel and DNA fragments were visualized by staining in 1 µg/ml 
ethidium bromide. Suitable aliquots of the PCR products were 
digested with 3 units of a restriction endonuclease following the 
manufacturers ' instructions. Enzymes usecl in this study were: 
Alu I, Apa I, Ava I, BamH I, Bell, Bgl I, Cla I, Dra I, Dde I, Hae 
II, Hae III, Hha I, Hind III, Hinf I, Kpn I, Mlu I, Msp I, Nci I, Nru 
l, Pst I, Pvu II, Rsa l, Sa! l , Sca I, Sma I, S~p I, Stu I, Taq I, Xba 
Table 1. Meloidogyne populations used in this study 
Species 
M. chitwoodi 
M. fa/lax 
M. hapla 
M. incognita 
M. javanica 
M. naasi 
Designation 
USA, WAMC1 (race 1) 
USA, WAMC30 (race 2) 
USA, CAMC2 (race 3) 
The Netherlands, population 1 
The Netherlands, population II 
The Netherlands, population III 
Germany, population II 
Germany, population III 
The Netherlands, Baexem 
Germany, population 1 (Hamburg) 
Germany, Hamburg 
Germany, Münster 
Germany, Thierham 
Germany, Sachsen-Anhalt 
Brazil 
Brazil (race 1) 
ltaly (race 1) 
ltaly (race 2) 
Brazil 
ltaly 
Germany, Selfkant/Millen 
Code 
M.c. U-1 
M.c. U-2 
M.c. U-3 
M.c. N-1 
M.c. N-11 
M.c. N-111 
M.c. G-11 
M.c. G-111 
M.f.B 
M.f. G-1 
M.h. H 
M.h. M 
M.h. T 
M.h. SA 
M.i.B 
M.i. B-1 
M.i. 1-1 
M.i. 1-2 
M.j. B 
M.j. l 
M.n.SM 
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I, Xho I. Restriction fragments were resolved by electrophoresis 
in a 2.5 % agarose gel and stained with ethidium bromide. 
RAPD-PCR procedure and evaluation of RAPD patterns 
Random primers (ten base deoxynucleotides with random se-
quence) used in this study were: OPA-1 to OPA-20, OPB-1 to 
OPB-20 from Operon Technologies (Alameda, USA) and GEN 
l-RE-01 to GEN 1-RE-LO from Genosys (Cambridge, Great 
Britain). The PCR mixture (25 µl) contained lO mM Tris-HCI pH 
8.3, 10 mM KCL, 3 mM MgCl2, 100 µM each of dATP, dCTP, 
dGTP and dTTP, 0.2 µM of a random primer, 5 units of Taq-
DNA-polymerase Stoffel fragment (Perkin Eimer) and 0.6 ng of 
Meloidogy11e total DNA. Amplification was carried out in a 
Perkin Eimer 9600 thermocycler employing an initial denatura-
tion at 94 °C for 2.5 min, 40 reaction cycles of 92 °C for 20 sec, 
38 °C for 15 sec, 72 °C for 1 min, and a final extension at 72 °C 
for 7 min. The rate of heating from 38 °C to 72 °C was regulated 
to 0.3 °C/sec. After the PCR, 10 µl aliquots of the reaction mix-
ture were resolved by electrophoresis in a 2 % agarose gel and 
stained with ethidium bromide. The pattern of stained DNA frag-
ments was recorded with a video system (lntas, Göttingen, Ger-
many) and evaluated by computer. Using the GelCompar soft-
ware (Applied Maths, Kortrijk, Belgium), bands were corrected 
for distortions, defined at a positional tolerance of 1 % and scored 
for each primer. Comparisons of bands and calculations of dis-
tances between populations were carried out using Excel (Mi-
crosoft). Cluster analysis and construction of dendrograms was 
performed using MSTAT (BAUSCH and ÜPITZ, 1992). 
Results 
/TS-RFLP experiments 
The fourcombinations ofthe primers 5367, 5368, Fl94 and Fl95 
used by ZULSTRA et al. ( 1995) were tested for amplification of a 
DNA fragment containing the ITS regions of Meloidogyne 
rDNA. In each case a fragment of the expected size was obtained. 
Amplification of the largest fragment of approximately 800 bp 
by means of primers 5367 and 5368 was only obtained at low 
yield and with part of the populations tested. The second-largest 
fragment of about 760 bp was obtained at good yield and with all 
populations tested using primers 5367 and F l 95 (Figure l). 
Therefore these primers were employed in all subsequent ITS-
RFLP experiments. 
A total of 30 restriction enzymes as listed in Material and 
Methods was tested for detection of RFLPs among the six 
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Fig. 1. Amplification products of total DNA from six Meloidogyne spe-
cies using the rDNA-primers 5367 and F195. The DNA marker bands 
in Fig. 1 to Fig. 7 correspond to fragments of 2000, 1500, 1400, 1300, 
1200, 1100, 1000, 900, 800, 700, 600, 500, 400, 300, 200 and 1 oo bp 
(from top to bottom, prominent bands underlined). 
Me/oidogyne species investigated. Thirteen of these enzymes 
(i.e. Apa 1, Ava I, Bel I, Bgl l, Hae II, Hha I, Kpn I, Nru I, Sa/ 1, 
Sca 1, Stu l , Xba I and Xho I) did not cut the amplified DNAfrag-
ment. With the remaining 17 enzymes, restriction patterns of two 
to five subfragments of varying sizes were obtained. In the case 
of Nci I, Pst I and S111a I these patterns were identical for all 
Meloidogyne species and populations tested. The other 14 en-
zymes produced restriction patterns revealing polymorphisms 
between species but not between populations of the same 
species. These enzymes and the size· of subfragments obtained 
for individual species are listed in Table 2. 
Only part of the species tested could be differentiated using 
one of the enzymes listed in Table 2. For example, the enzymes 
Cla I, Hind III and BamH I separated M. hap/a from the other 
species, whereas Hae III differentiated the group of M. incog-
nita/M. javanica from the other species.The enzymes Alu l, Dra 
I, Hi11f I and Ssp I permitted a differentiation of M. hapla and M. 
naasi from the groups of M. chitwoodi!M. Jal/ax and M. incog-
nita/M. javanica. The differentiation obtained using Hinf I is 
shown in Figure 2. The three German populations I to III (classi-
fication according to MüLLER et al., 1996) were assigned to tbe 
Table 2. Sizes of the DNA subfragments [bp] obtained after restriction enzyme digestion of the amplified Meloidogyne rDNA fragment 
Restriction M. chitwoodi M. fal/ax M. hapla M. incognita M. javanica M. naasi 
enzyme 
Alul 140,170,300 140,170,300 100, 120,180,200,220 180, 420 180,420 110,180,200,300 
BamHI 750 750 300,450 770 770 790 
C/al 300,450 300,450 750 300,470 300,470 310, 480 
Oral 100,650 100,650 350,400 130,240,400 130,240,400 400 
Ddel 650 650 650 220,450 220,450 700 
Haelll 750 750 750 180, 220,370 180,220,370 790 
Hind III 160,590 160,590 750 160,610 160, 610 180, 610 
Hinf 1 270,420 270,420 270,480 310,460 310,460 280,510 
Mlul 750 750 750 770 770 230, 560 
Mspl 100,280,320 100,280,320 100,650 100, 670 100, 670 100,320, 370 
Pvull 750 750 250,500 770 770 290,500 
Rsal 750 110, 640 120,630 770 770 790 
Sspl 100,650 100,650 150,390 770 770 90,700 
Taql 260,400 260,400 150,400 260, 400 260,400 280,420 
Hinf 1/Rsa 1 270,420 110, 270, 310 120, 270, 360 310, 460 310,460 280,510 
Dra 1/Rsa 1 80,670 80, 120,550 110,240,400 130,240,400 130,240,400 390,. 400 
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group of M. chitwoodi/M. fallax. A differentiation of M. chit-
woodi and M. fallax was only achieved using Rsa I as had been 
shown by ZIJLSTRA et al. (1995), but this enzyme failed to differ-
entiale the other species tested (Figure 3). The German popula-
tions II and III were classified as M. chitwoodi and I as M.fallax . 
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Fig. 2. ITS-RFLP patterns of Meloidogyne populations obtained by di-
gestion of amplified ITS regions of rDNA with Hinf 1. 
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Fig. 3. ITS-RFLP patterns of Meloidogyne populations obtained by di-
gestion of amplified ITS regions of rDNA with Rsa 1. 
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Fig. 4. ITS-RFLP patterns of Meloidogyne populations obtained by 
simultaneous digestion of amplified ITS regions of rDNA with Hinf 
1/Rsa 1. 
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Fig. 5. RAPD patterns obtained with DNA from eight single animals of 
the M. chitwoodi population M.c. N-111 using primer OPA-1 O (lane 1 to 
8). In lane 9 the population-specific pattern obtained with DNA ex-
tracted from a batch of 25 animals of this population using the same 
primer is shown. 
Differentiation of all species tested except the group of M. 
incognita!M. javanica is possible by combining the informations 
obtained with Rsa I and another restriction enzyme. Separate di-
gestions using Rsa I and Hinf I or Rsa I and Dra I will obviously 
provide the required informations. Simultaneous digestions us-
ing the respective enzyme combinations were also tested since 
this would simplify the experimental procedure. Restriction pat-
terns obtained by simultaneous digestion ofthe amplified ITS se-
quences with Rsa l /Hinfl are shown in Figure 4. Distinct patterns 
were obtained for M. chitwoodi, M. fallax, M. hapla, M. naasi 
and the group of M. incognita/M. javanica. Simultaneous diges-
tion with Rsa I/Dra I did not prove suitable, since identical pat-
terns were obtained for M. hapla and the group of M. incog-
nita/M. javanica. The combined action of Rsa I and Dra Ion M. 
hapla DN A apparently leads to three subfragments which are in-
distinguishable from the subfragments of M. incognita/M. ja-
vanica DNA obtained with Dra I aione (cf. Table 2) . 
RAPD analysis 
Reaction conditions for RAPD-PCR were adapted from PASTRIK 
et al. (1995). Slight modifications concerning the concentration 
of Mg2+ and the amount of template DNA had to be introduced 
for obtaining reproducible patterns of amplified Meloidogyne 
DNA fragments. RAPD patterns obtained with DNA from single 
animals of the same population revealed considerable intrapop-
ulation variability, as shown for primer OPA-10 (Figure 5). Sim-
ilar results were obtained with primers OPA-17, GEN l -RE-06 
and GEN l -RE-10. In contrast, reproducible population-specific 
RAPD patterns were obtained with all random primers tested 
when DNA extracted from batches of 25 or more animals of a 
population was amplified. 
A total of 50 decamer random primers were tested on one pop-
ulation each of M. chitwoodi, M. hapla, M. fallax, M. incognita 
andM. javanica for their abili ty to produce RAPD patterns which 
could be evaluated for genetic comparisons. As an example, the 
results obtained with three primers are shown in Figure 6. 
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Fig. 6. RAPD patterns obtained with DNA from one population each of 
the live Meloidogyne species M. chitwoodi, M. faf/ax, M. hapla, M. in-
cognita and M. favanica using three different random primers (GEN 
1-RE-06, OPA-10 and OPB-12). 
Twenty-two out of 50 primers tested proved unsuitable due to 
weak DNA amplification or blurred electrophoretic banding pat-
terns of amplified DNA. The remaining 28 primers produced dis-
tinct RAPD patterns and were used for analyzing all Meloido-
gyne populations (primers GEN l-RE-01, 03, 05, 06, 07, 08, 10; 
OPA-02, 03, 04, 07, 09, 10, 11, 12, 13, 14, 15, 16, 17, 19, 20; 
OPB-05, 07, 08, 12, 15, 18). Most random primers revealed con-
siderable intraspecific variation among the 20 Meloidogy11e 
populations tested, as illustrated in Figure 7 for primer OPA-10. 
Analysis of the RAPD patterns was carried out using the Gel-
Compar software. Electrophoretic bands were corrected for geo-
metrical distortions, calibrated by means of DNA size markcrs 
and listed for each primer. From the patterns of 20 Meloidogyne 
populations, 15 to 35 band positions per primer could be distin-
guished which were treated as independent properties in subse-
quent analyses of genetic similarity. A total of 785 properties 
were evaluated from the electrophoretic banding patterns ob-
tained with 28 primers. 
Genetic distances among the 20 Meloidogyne populations 
were calculated by means of pairwise comparisons using the 
Dice and Jaccard coefficients D0 and D1, respectively 
0 0 = 1 - 2n,.y / (11x + 11y) D1 = 1 - n,.y / (n, + 11y - n,.y) 
where 11x and n, are the total numbers of properties in organisms 
x and y, and 11x_; is the number of shared properties. Distance cal-
culations were ·carried out using increasing portions of the RAPD 
bands scored to see if a final classification was reached at the 
maxirnum number of bands scored. In Figure 8 Dice distances of 
four selected pairs of Meloidogyne populations are plotted as a 
function of the number of bands scored. Distance values were 
variable in the lower range up to 400 to 500 bands scored and be-
came rather constant above this range. lt may be concluded that 
evaluation of the total number of 785 RAPD bands scored pro-
vides a conclusive classification of all populations. 
A matrix of the Dice distance values calculated on the basis of 
785 RAPD bands is given in Table 3. Cluster analysis of these 
Fig. 7. RAPD patterns obtained with DNA from the 20 Meloidogyne 
populations tested using the random primer OPA-10. 
Table 3. Matrix of genetic distances among Meloidogyne populations according to Dice on the basis of 785 RAPD fragments scored 
M.c. N-1 
M.c. N·II 0.60 
M.c. N-111 0.39 0.65 
M.c. U-1 0.51 0.57 0.51 
M.c. U-2 0 .47 0.57 0.52 0.34 
M.c. U-3 0.48 0.53 0.55 0.33 0.34 
M.f. B 0.73 0.63 0.73 0.67 0.68 0.69 
M.h. M 0.87 0.85 0.86 0.89 0.87 0.86 0.89 
M.h. T 0.86 0.89 0.85 0.91 0.88 0.91 0.88 0.68 
M.h. H 0.87 0.91 0.88 0.91 0.90 0.90 0.83 0.75 0.29 
M.i.B 0.88 0.84 0.89 0.85 0.86 0.87 0.82 0.86 0.86 0.85 
M.i. 1-1 0.84 0.86 0.83 0.85 0.83 0.86 0.85 0.83 0.84 0.85 0 .19 
M.i.1-2 0.86 0.87 0.87 0.85 0.83 0.86 0.80 0.82 0.87 0.86 0.31 0.22 
M.j.B 0.87 0.86 0.88 0.88 0.87 0.89 0 .84 0.84 0.86 0.88 0.17 0.14 0.25 
M.j. l 0.85 0.85 0.87 0.86 0.85 0.87 0.85 0.82 0.88 0.89 0.20 0.16 0.24 0.12 
M.f. G-1 0.69 0.66 0.69 0.68 0.65 0.68 0.39 0.84 0.87 0.88 0.84 0.83 0.80 0.84 0.83 
M.i. 8·1 0.86 0.85 0.85 0.84 0.85 0.87 0.81 0.81 0.87 0.84 0.18 0.19 0.26 0.15 0.19 0.81 
M.c. G-11 0.59 0.48 0.63 0.53 0.52 0.44 0.64 0 .86 0.87 0.87 0.86 0.85 0.85 0.87 0.84 0.62 0.86 
M.c. G-111 0.60 0.52 0.68 0.55 0.53 0.50 0.66 0.82 0.87 0.89 0.88 0.87 0.86 0.89 0.87 0.68 0 .87 0.43 
M.h.SA 0.85 0.88 0.87 0.92 0.88 0.92 0.86 0.75 0.30 0.30 0.87 0.85 0.89 0.88 0.89 0.90 0.87 0.88 0.91 
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Fig. 8. Dice distances among four pairs of Meloidogyne populations 
as a function of the number of bands evaluated. • M.c. G-11 / M.c. G-
111; T M.i. B / M.j. B; e M.c. N-1 / M.c. N-11; A M.h. SA/ M.c. G-111. 
data was pe1formed using the unweighted pair-group method 
with arithmetic means (UPGMA) of SNEATH and SoKAL (1973). 
A dendrogram of genetic distances between the 20 Meloidogyne 
populations is shown in Figure 9. The clustering obtained reveals 
genetic relationships between populations and species which are 
discussed below. When Jaccard distance values were used in the 
duster analysis, somewhat higher levels of genetic distance but 
principally the same classifications were obtained (not shown). 
Discussion 
The results obtained in this study illustrate the merits and limita-
tions of ITS-RFLP and RAPD analysis for interspecific andin-
traspecific classification of Meloidogyne. By means of ITS-
RFLP, the affiliation of 20 Meloidogyne populations to the 
species M. hapla, M. chitwoodi, M.fallax and M. naasi was read-
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ily obtained using primers and restriction enzymes previously 
described by ZIJLSTRA et al. ( 1995). As also experienced by these 
authors, M. incognita and M. javanica could not be distinguished 
on the basis of restriction fragment profiles obtained using 30 re-
striction enzymes. This suggests a close genetic relationship be-
tween the two species. Differentiation of M. incognita and M. ja-
vanica on the basis of a mitochondrial DNA polyrnorphism has 
been described by PowERS and HARRIS (1993). According to 
these authors, digestion of an amplified 1.7 kb mtDNA fragment 
with Hinfl resulted in different subfragments for M. javanica and 
M. incognita due to an additional cleavage site in DNA ofthe lat-
ter species. Using the same primers we amplified the 1.7 kb frag-
ment, but obtained identical Hinf I subfragments for both species 
(results not shown). Apparently, the M. incognita and M. javan-
ica populations used in this study Jack the polymorphism in 
mtDNA detected by POWERS and HARRIS ( 1993) in other popula-
tions of the two species. 
The results of morphological and biochemical classification of 
three German Meloidogyne populations obtained earlier 
(MÜLLER et al., 1996) were confirmed and extended in this study. 
Populations II and III were clearly identified as M. chitwoodi and 
population I (Hamburg) as M. fallax on the basis of their ITS-
RFLP patterns. Species determination by ITS-RFLP offers sev-
eral advantages in comparison to the methods available previ-
ously (MÜLLER et al., 1996). Very small specimens of any life 
stage including single animals can be analyzed, and the species-
specific patterns of restriction fragments are distinct and easily 
recognizable. 
In the RAPD technique, an almost unlimited choice of random 
primers is available for detecting genetic polymorphisms which 
can be diagnostic at different taxonomic levels. Among 22 ran-
dom primers evaluated, CENIS (1993) identified one primer suit-
able for distinguishing the four species M. incognita, M. are-
naria, M. javanica and M. hapla. GUIRAO et al. (1995) calculated 
genetic distances between these species by evaluating about 250 
bands obtained by means of 30 random primers. Our objective 
employing RAPD analysis was to determine genetic relation-
ships between the German M. chitwoodi and M. fallax popula-
tions and other Meloidogyne populations belonging to the same 
species. 
Fig. 9. Dendrogram of genetic di-
stances among 20 Me/oidogyne 
populations calculated according to 
Dice on the basis of 785 RAPD 
bands scored. 
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Reproducibility of RAPD patterns and a sufficient number of 
bands scored are important criteria for obtaining meaningful ge-
netic classifications, as extensively discussed by GUIRAO et al. 
(1995). Variable RAPD patterns were obtained when DNA ex-
tracted from single animals was amplified using the same ran-
dom primer (Figure 5). Depending on their sequence, random 
primers apparently sense genetic differences between individu-
als and may be used for assessing inter-population heterogeneity. 
Nevertheless, reproducible population-specific RAPD patterns 
were obtained when DNA from batches of 25 or more specimens 
of a population was amplified. 
Distance calculations carried out with increasing numbers of 
RAPD bands scored indicated that evaluation of 400 to 500 
bands was necessary to obtain constant values of genetic distance 
between interspecific and intraspecific pairs of populations (Fig-
ure 8). The dendrogram of genetic distances on the basis of 785 
bands scored may therefore represent a final classification which 
would not be changed significantly by inclusion of additional 
RAPD bands. GUIRAO et al. (1995) reported that 200 bands 
scored were sufficient to reach a low and constant variance of ge-
netic similarity values when comparing only interspecific pairs 
of Me/oidogyne populations. 
In the dendrogram shown in Figure 9, three main branches 
containing the populations of M. incognita!M. javanica, M. chit-
woodi/M. Jal/ax and M. hapla, respectively, are separated at high 
levels of genetic distance. In the upper branch, the close cluster-
ing of populations belonging to M. incognita and M. javanica in-
dicates a high degree of genetic similarity between these species 
as was already concluded from the results of ITS-RFLP. In the 
middle branch of the dendrogram, the populations of M. chit-
woodi and M. Jallax are separated in different clusters confirm-
ing their affiliation to different species. In the lower branch, the 
M. hapla populations are separated at high genetic distance from 
the other Meloidogyne species. Three M. hapla populations are 
clustered together while the fourth population, M. hapla Mün-
ster, is separated from this group at a high level of genetic dis-
tance. The reason for the separate position of this population 
which had been in culture for many years is not known. 
The clustering of M. chitwoodi populations corresponds 
roughly to their geographic origin. The three populations from 
the USA representing races I to 3 form a closely related group. 
The remaining five populations from the Netherlands and Ger-
many form two groups with Netherlands I and III in one, Ger-
many II, III and Netherlands II in the other group. lt should be 
noted, however, that the genetic distance between Germany II, III 
and Netherlands II is rather high and very similar to the genetic 
distance between the groups USA 1, 2, 3 on the one hand and 
Netherlands I, III on the other. This may indicate that the present 
distribution of M. chitwoodi in Europe has a langer history al-
lowing differentiation of regional provenances. The relatively 
high genetic distances found among and between Dutch and Ger-
man populations suggest that these populations may have existed 
separately for a long time. Although M. chitwoodi was first iden-
tified in the Netherlands in 1985, it occurred undetected in this 
country at least since 1930 (MÜLLER et al., 1996). A similar situ-
ation cannot be excluded for the neighbouring region in Ger-
many. Different from the situation with M. chitwoodi, the two 
populations of M. Ja/lax from Germany and the Netherlands 
seem tobe more closely related. 
Due to the small number of M. chitwoodi populations included 
in the duster analysis, only limited conclusions can be drawn 
about possible distribution pathways of this species. A direct in-
troduction of the German populations from the USA seems un-
likely due to the distant clustering of the respective groups. A 
very recent introduction of M. chitwoodi from the Netherlands to 
Germany is also not supported by the present findings, since 
rather !arge genetic distances between the Dutch and German 
populations exist. Nevertheless, a closer relationship exists be-
tween the Germany II, III and the Netherlands II populations 
with a !arger distance to the American populations on the one 
hand, and between the other Dutch populations and the Ameri-
can populations on the other hand. Supposing an origin of M. 
chitwoodi in America, it could therefore have been introduced 
and established in Europe at least twice many years ago with a 
!arge interval between the two introductions. A !arger number of 
populations frorn these countries have tobe tested before definite 
conclusions can be drawn. This is not possible with German pop-
ulations at present, because in spite of extensive searches in dif-
ferent regions of Germany, no other populations of M. chitwoodi 
and M. Ja/lax have been found so far. 
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Aphelenchoides stammeri Körner, 1954 - ein in Deutschland weit 
verbreiteter Holznematode 
Aphelenchoides stammeri Körner, 1954 - a wood nematode widely distributed in Germany 
Von Helen Braasch 
Zusammenfassung 
Der Holznematode Aphelenc!wides stammeri (syn. Ektaphelen-
chus stammeri) wurde während einer Erhebung zum Auftreten 
von Bursaphelenchus-Arten in Nadelgehölzen in Deutschland 
im Jahre 1996 wiederholt in Kiefern und Fichten sowie am Vek-
tor Spondylis buprestoides (Coleoptera, Cerambycidae) gefun-
den. Dieser morphologisch Bursaphelenchus ähnliche Nematode 
ist offensichtlich in Deutschland weit verbreitet. Er tritt nicht nur 
an den typischen Brutplätzen des Käfers, sondern auch im ste-
henden Holz geschädigter Bäume auf. Seine Vermehnmg ist 
leicht an Bofl)'tis cinerea auf Malzagar möglich. Es gibt keine 
Anhaltspunkte für eine Schadwirkung des offensichtlich fungi-
vor lebenden Nematoden. 
Stichwörter: Aphele11c!10ides stammeri, Pinus, Picea, Spondy-
lis buprestoides, Biologie, Verbreitung, Wirtspflanzen, Vektor 
Abstract 
The wood inhabitant Aphelenclw ides stammeri (syn. Ektaphe-
!e11c!111s stammeri) was repeatedly found in damaged pine and 
spruce trees as weil as in the vector Spondylis buprestoides 
(Coleoptera, Cerambycidae) during a survey for Bursaphelenc!ws 
nematodes in coniferous trees in Germany in 1996. This nema-
tode is morphologically close to Bursaphelenchus and is consid-
ered tobe widely distributed in German coniferous forests. It oc-
curs not only at the typical breeding sites of the beetle, but in stand-
ing truncs of damaged trees as weil. The nematode can easily be 
multiplied on Botrytis cinerea on malt agar. There is no evidence 
of injuriousness of the obviously mycetophagous nematode. 
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Einleitung 
In den 30er bis 50er Jahren wurden in Deutschland umfangreiche 
Untersuchungen über holzbewohnende Nematoden durchgeführt 
(FUCHS, 1930, 1938; KÖRNER, 1954; RÜHM, 1956, 1960), wobei 
die meisten der zahlreichen im Holz lebenden Nematoden-Arten 
Mitteleuropas beschrieben wurden. Die Arbeiten befassen sich in 
der Regel mit den Vektorbeziehungen dieser Arten zu holz- und 
rindenbrütenden Insekten, insbesondere Borkenkäfern. Seit den 
70er Jahren hat ein in Europa nicht vorkommender Holznema-
tode, der Kiefernholznematode Bursaphelenchus xylophilus 
(STEINER and BUHRER, 1934) NICKLE, 1970, das Interesse an 
holzbewohnenden Nematoden erneut aufleben lassen. Dieser in 
Nordamerika heimische Wurm wurde mit Holz nach Ostasien 
verschleppt und verursacht in Japan und China riesige Schäden 
in Kiefernwäldern (Kiefemwelke). Er ist Quarantäneschädling 
der Europäischen Gemeinschaften. Im Rahmen eines von der EU 
geförderten Forschungsprojektes (RTD-Programm, FAIR CT 
95-0083), an dem außer Deutschland auch Griechenland, Italien, 
Österreich und Irland beteiligt sind, erfolgte in Deutschland im 
Jahr 1996 eine Erhebung zum Auftreten von Bursaphelenchus-
Arten in Nadelgehölzen. Bei der Auswertung der Holzproben aus 
Gebieten mit geschädigten Nadelgehölzen und bei der Untersu-
chung holzbewohnender Insekten auf ihre Vektoreigenschaften 
für Nematoden wurde wiederholt eine Aphelenchoides-Art ge-
funden, die morphologisch der Gattung Bursaphelenchus ähn-
lich ist. Es handelte sich um A. stammeri, die bei Untersuchun-
